THE srirface of most fish is covered with a coating of slime which increas~s in amount after death when the fish is held at room temperature or stowed in ice. The slime has been examined by Dr. Ingvaldsen of the Prince Rupert Station who has foqnd that 3 C.c. of this material contain 33.348 mg. of nitrogen of which 11.9 per cent is a:mino-nitrogen. It is poor in carbohydrates, but along with the mineral salts contained in sea" water it appears to provide an excellent medium for bacterial growth. In the fresh fish, the slime is clear, of mucous consistency, and shows comparatively few organisms in stained films, but in fish which are not quite fresh the slime appears to be increased in amount, is opaque and increased in consistency. With increasing age the slime becomes yellowish and evil-smelling, and stained films show an enormous increase of bacteria. In the early stages of the work attempts were made to correlate the number of organisms in the slime with the age of the fish by making bacterial counts, but owing to the irregular distribution of the slime over the surface of the fish and the difficulty of making homogeneous. suspensions the results were not very satisfactory, although gross changes. were readily detected. A survey of the literature on the subject of fish bacteriology revealed little knowledge of the nature of the organisms usually present on the surface of freshly caught fish, and it seemed desirable to examine this question in detail as a preliminary to work on the problems of spoilage. The results which are presented in this paper are the records of a series of systematic observations upon the nature of . the organisms found in the surface slime and intestinal contents of one species of freshly caught salt-water fish. The haddock was chosen as the most suitable fish for investigation because it could be obtained with regularity throughout the year.
surface flora. Most of the fish were line caught in the inshore waters off the coast of Aberdeen, but in a few cases trawled fish from deeper waters were used. On these occasions a fish from the top of the trawl net which had presumably, not come into contact with contaminated surfaces, e.g. the deck of the boat, was sel~cted;' The fish was removed from the hook or from the trawl-net with ihe minimum of handling and transferred to a sterile tin box which was not opened until delivered in the laboratory. In all cases the time which elapsed between the catching of the fish and the arrival of the fish at the laboratory did not exceed six hours.
In a few cases samples of slime were taken by rubbing a sterile cottonwool swab over the surface of the fish at the time of catching. The swab was replaced in its sterile glass container and conveyed to the laboratory. This method was designed to avoid contamination of the surface of the fish by the fisherman's hands. The same fisherman practised both methods and there was no.appreciable difference in the results. For the majority of the isolations hormone agar made from horse heart or ox muscle was used. An agar made from fish muscle was .employed on several occasions, but it was more troublesome to prepare and did not produce better or more luxuriant growth, and its use was discontinued.
On arrival at the laboratory a sample of the surface slime was taken on a sterile platinum loop and the material plated out on a series of plates. These were incubated aerobically, at first both at 22°C. and 37°C., but as growth at the higher temperature was always scarce, the lower temperature only was used in subsequent isolations. Anaerobic cultures were not made.
. For the examination of the intestinal contents twelve additional fish were used. The ventral surface of the fish was sterilised by the application of a germicidal dye mixture (0.5% crystal violet and 0.5% brilliant green in 50% alcohol), or by flaming with alcohol, and an incision was made along the middle line with sterile instruments. A loop of intestine containing undigested material was cut out and placed in a sterile Petri dish; upper or lower intestine was taken indiscriminately. The intestine was opened longitudinally with a sterile scalpel and a sample of the contents withdrawn with a platinum loop. Owing to the small number of organisms present in the contents of the intestine of fish, as compared with mammals, it was unnecessary to make dilutions of the material for primary plating and often considerable masses of the contents were spread in order to obtain good growth. Incubations were made aerobically at 22°C.
In a few cases where the intestine was empty and the mucus only was plated out, little or no growth was obtained and no isolations were made. Even where undigested food material was present, the number of organisms was always strikingly less than in mammalian intestine.
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After twenty-four hours' incubation little or no growth was apparent on plates inoculated with slime or intestinal content and it was only after an interval of three days or more that colonial differences were sufficiently marked to allow of the isolation of different types. In a series of preliminary investigations it was found that air organisms and moulds were frequent contaminations on plates which were incubated for long periods, and in the subsequent work all plates were prepared and inoculated in a deep glass box, open on one side only, which was thoroughly sterilised before use. It was found generally that a platinum loopful of slime spread over three plates gave abundant growth and that as a rule well-separated colonies were obtainable from the second or third plates of the series. Subcultures of colonies were made on agar slopes from the various types and after a considerable period of incubation these were carefully examined for purity. It was frequently necessary to replate the cultures as they were often found to be contaminated with slow-growing types.
The morphological characters of the organisms were examined from agar slopes and from brotp. cultures and the appearances on agar and potato and in broth and gelatin were noted. Records were made of their behaviour in various carbohydrates and in litmus milk, and of their power to produce indole and acetyl-methyl-carbinol and to reduce nitrate. In the study of certain of these cultural characters, long periods (up to ten weeks) were given before the results were noted.
In addition to the information gleaned from the literature, referred to later, Bergey's Manual of Determinative Bacteriology (1) was found to be useful as a standard of reference, and the terminology employed in this paper is more or less that used by him. The identification of these organisms with types already described has been found to be difficult or impossible, partly owing to the inadequate descriptions given in the literature of many water, sea-water, and soil organisms, and partly owing to the absence of distinguishing features or reactions in many of the organisms encountered. ' A notable feature of the plates made from slime was the variation in the number of colonies of chromogenic organisms. In some cases these were few or absent, in others they constituted a considerable percentage of the total number of colonies. Orange or lemon-yellow colonies were most common, but variations from a pale flesh to brown colour were seen. It was found in the course of the subsequent examination of these chromogenic organisms that little or no dependence could be placed on the intensity of the pigment as the colour varied markedly in anyone type with age and with the nature of the medium. Colonies of a pure culture might show all degrees of variation in intensity of pigment on the same medium. Further, bacteria, which appeared to be in all other respects 38 MARY MACFARLANE STEWART.
alike, might show in culture on agar or on potato marked differences in pigment formation. With regard to the non-chromogenic organisms the colonies were usually moist and shining, and varying most definitely in opacity, but the absence of distinctive features made it extremely difficult to recognise different types from the colonial appearances alone. .Asa result there was much repetition in the course of the work, and many strains of the same organism were submitted to examination. In contrast to the slime the intestinal contents showed few or no chromogenic colonies. SURFACE FLORA. Of the 247 cultures isolated from haddock slime of which descriptions are appended, 140 were non-sporing bacilli corresponding in their general characters with the group Achromobacter (Bergey) . He describes these as " rods, small to medium in size, occurring principally in water and soil. Form no pigment on agar or gelatin but may produce a brownish growth on potato.. Oultural characters variable. Some species form acid in simple sugars, others are without action on carbohydrates. Motile or nonmotile. Gram-negative." Although no accurate quantitative estimations of the relative proportions of various genera in the slime were attempted the relative numbers of Achromobacteria to other organisms in the primary cultures suggested strongly that this type preponderates in the surface slime of the haddock. Of the organisms which have been classed as Achromobacter for convenience fifteen different types may be recognised on the basis of biochemical activities, of which two are of especial interest, one, because it includes seventy per cent of the total number of cultures, and the other, because of its close similarity to an organism isolated from living halibut in the Pacific Ocean and described in detail by Harrison (2) .
Oultures belonging to the fust of these two types have been isolated from all but one of the fish examined, and were present in large numbers in practically all the samples. Ninety-seven cultures have been examined. Morphologically small non-motile coccobacilli occurring in pairs and short chains, they are distinct from any other organisms isolated. In their cultural and biochemical activities they are very similar, differing only in their actions on glucose and on nitrate. If importance is placed on these reactions they can be divided into four sub-groups or strains according as they ferment glucose or reduce nitrate.
Agglutinating sera were produced in rabbits against two cultures of this type, but although these sera were active against the homologous organisms there was no cross agglutination, and other members of the type were not affected. The absence of pigment and the general "inertness" were in agreement with the group Achromobacter, but they have not been identified with any of the fifty-six named types of Achromobacter in Bergey's Manual, nor have they been described in any available literature.
Organisms of the second type have been isolated from three samples of slime only. They show marked proteolytic properties as demonstrated by their power to liquefy coagulated ox serum and differ markedly from the other types in this respect. The characters of this type are in complete agreement with those of .Achromobacterpellucidum described by Harrison from halibut slime. This worker, however, claims to have demonstrated a filterable or " symplastic " stage of this organism, but attempts to repeat this work with the haddock cultures have so far failed.
Of the remaining thirteen types nine correspond closely to types described in Bergey's Manual, but are not identical with these. The other four types show sufficient resemblance to the Achromobacter to be placed in this group, but cannot be identified with any organisms described by other workers.
As regards frequency of occurrence in the cultures the next most important genus is Micrococcus, forty cultures of which have been examined. Seven types were recognised of which five were pigmented. The cocci were similar to the common air organisms and to those described by Harrison which he obtained from halibut, but differ in certain particularsÕ ne type (19) liquefied coagulated ox serum. On two occasions cocci, showing motility of a rotatory character, have been isolated from slime. Motile cocci are seldom encountered in general bacteriological work, but Harrison and Fellers (3) report having isolated them repeatedly from halibut and from salmon respectively. The organisms isolated in the course of this work differ from Rhodococcusagilis, as described by Harrison, in the colour of the pigment produced and in fermentation reactions.
Of the remaining organisms Flavobacteria and Pseudomonas were the only types occurring in significant numbers. Of the former, twentyseven cultures were isolated. In contrast to the Achromobacteria, in which a multiplicity of types was met with, the types of Flavobacteria were relatively constant. Only five types were found in the twentyseven cultures. These were similar in most respects to water organisms listed by Bergey and to types isolated by Harrison. It is worthy of note that whereas the majority of Flavobacteria types are Gram-negative, four of the five types were Gram-positive. In general, the Flavobacteria were more active biochemically than the Achromobacteria, producing some change in litmus milk and in most cases liquefaction of gelatin. They were, however, less active in carbohydrate media than the Micrococci. One of the types (29) liquefied coagulated ox serum.
Organisms of the genus Pseudomonas occurred on five fish only, and were never numerous. They were identical in all respects with the types fluorescens, viscosa, and convexa (Bergey) . With regard to coliform organisms it is of interest that organisms of mammalian intestinal type have not been encountered, and that only four cultures belonging to the genus Aerobacter have been met with. Two of these were Aerobacter aerogenesand two Aerobacter cloacm. As all the fish were taken close to the three mile limit off the coast of Aberdeenshire, the absence of coliform types is noteworthy.
In the course of the work it was found that when agar plates of the primary cultures were examined in a dark room colonies might be found which were luminous. The" phosphorescence" or luminescence of fish kept under certain circumstances is a well-known phenomenon, and various types of luminescent organisms have been described from time to time in sea-water and on marine animals. Nevertheless, no mention is made of the presence of these bacteria in the literature of other workers who have made systematic observations on the bacteriology of fish. The isolation of these organisms from plates crowded with other bacteria is difficult, as the luminosity of the colonies is their only distinguishing feature, and the presence of other organisms in large numbers appears in some way to interfere with their growth or with the production of light on agar plates. Probably for the same reason it has been found that fish which have been kept for some time so that they have become brightly luminous do not readily give cultures from which luminous organisms can be isolated. In the case of fresh fish, however, there is less difficulty, and separated luminous colonies may be encountered which are readily picked off and purified. Not infrequently when the cultures of slime failed to give luminous colonies the cultures of intestinal contents of the same fish did so. These organisms show considerable variation in morphology, but in young culture they were for the most part Gram-negative bacilli or coccobacilli. Eighteen cultures have been obtained and have been studied. It is hoped to give a separate communication upon the ch~racters of this particular group.
In view of the work of Gee (4) and others who have described sporebearing organisms of the subtilis-mesentericus group (genus Bacillus), particular attention was paid throughout this work to the detection of spore-bearers. These were never isolated from slime although they were met with in the intestine.
Of minor interest because of the infrequency of occurrence, it may be mentioned that yeasts were isolated on two occasions, and that two organisms producing a bright red pigment and agreeing in general characters with the genus Serratia were obtained. One of these cannot be placed among the types described in Bergey's Manual.
INTESTINAL
FLORA.
Forty-six cultures have been isolated. As in the case of the slime, members of the genus Achromobacter preponderated in every sample, and in several instances were present almost in pure culture. Five different types of Achromobacter were distinguished, of which the coccobacillary type, already referred to as occurring in slime, was the only one commonto both sites. ' The other four types were not identical with any of the Achromobacter found in the slime.
Flavobacteria were present in one sample only. These differed slightly from the Flavobacteria isolated from slime, and from an organism isolated by Harrison from halibut. Aerobacter cloacm was obtained on one occaSIOn.
In contrast to the results obtained from the examination of slime, spore-bearing organisms were present in small numbers in almost every sample of intestinal content. The characters of these have been found to agree in almost every respect with those of marine spore-bearing organisms published by Newton (5) .
The occurrence of luminescent organisms in the intestine has already been referred to.
Reed and Spence (6), in the case of haddock from the mouth of the St. Croix River, Nova Scotia, in a quantitative examination of eleven samples of slime and thirty-four samples of intestinal content found Proteus types by far the most common organism (70%) in the intestinal contents, with Achromobacter 4.4%, Pseudomonas 8.7%, Flavobacter 5.6%, Aerobacter 4.6%, Bacillus 5.7%, and others 1%. In the slime the corresponding figures were Proteus 18%, Achromobacter 23%, Pseudomonas 22%, Flavobacter 8%, Bacillus 24%, Micrococci 4%. The striking feature of these results is the constant occurrence in the intestinal contents of the Proteus type which has not once been encountered in this investigation either in the slime or intestinal contents of haddocks from the North Sea. In their comparison of individual fish there was marked irregularity with regard to the occurrence of the various genera, e.g. Proteus types were frequently abundant in the slime of some fish and absent in others caught under similar circumstances. In contrast to the results recorded here, Achromobacteria were not found regularly in the intestinal contents and were absent occasionally from the slime. In the case of the intestine the same irregularity of occurrence was shown by the other groups of organisms.
It is noteworthy that Pseudomonas types were found in considerable numbers in all the samples of slime examined by these workers, and frequently in the intestinal content, whereas Harrison failed completely to isolate this organism from the slime of fresh halibut in spite of special attempts to do so. In the present work this group was encountered in six samples of slime only. As the colonial appearances of this group are distinctive, its presence in the material examined was not likely to be overlooked. This organism has been encountered frequently in bacteriological examinations of decomposing fish (Fellers; Harrison, Perry, and Smith (7); and Harrison), and as it has active proteolytic properties and may be active in spoilage it is important to ascertain the source. It is a cOmnlon water type, is almost constantly present in samples of ice in which fish are preserved, and is thus likely to contaminate samples of slime unless stringent precautions are taken to avoid extraneous organisms.
Reed and Spence also report the constant presence of the genus Bacillus in slime, whereas in this investigation this genus, although almost constantly present in the intestine, was never encountered in the slime. Gee also found spore-bearers in slime, the other organisms being Proteus, Pseudomonas, and Diplococcus types, but it is remarkable that he did not encounter Achromobacteria. He has also found spore-bearing organisms in the muscle of living fish, and attributes to them much of the spoilage which results on keeping, whereas other workers have found fresh muscle to be sterile.
A comparison of this work with the work of various Canadian and American investigators (Obst, 8; Hunter, 9; Fellers; Harrison, Perry, and Smith; and Sanborn, 10) who have made bacteriological studies of salmon, halibut, sardines, and other fish with reference to spoilage, is difficult, as in many cases the samples were taken indiscriminately from slime, muscle, and intestine and from fish in various stages of decomposition. It IS sufficient to say that most of the groups mentioned above have been met with.
CONCLUSIONS.
1. The bacterial flora of the slime and intestinal contents of North Sea haddocks has been investigated, and two hundred and ninety-three cultures in all have been examined in detail.
2. The most common organisms in both sites were Achromobacteria, and of these several types were usually present. One type in particular predominated which has not hitherto been described by other workers.
3. Organisms of the genus Micrococcus were found frequently in slime but not in the intestine. 4 . Flavobacteria were present irregularly in the slime samples, but were encountered in only one sample of intestinal contents.
5. Pseudomonas types were found in the slime of a few fish, and only in small numbers. They were not met with in the intestine. 
